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processes should effectively remove primordial CO2 

from the surfaces of Uranian satellites over the age of 

the Solar System. Interactions between 

magnetospherically-embedded charged particles with 

H2O ice and carbonaceous material, could drive a 

radiolytic production cycle of CO2 [6] in the Uranian 

system. CO2 produced by magnetic field interactions 

with Uranian satellites would preferentially 

accumulate on their trailing hemispheres (Figure 2) 

as Uranus’ magnetic field passes over them at a faster 

rate than their orbital velocities. Furthermore, 

satellites closer to Uranus should possess greater CO2 

abundances due to the higher magnetospheric 

densities closer to Uranus [7].  

This study is investigating CO2 combination and 

overtone bands (1.5 – 2.2 μm) and the CO2 

fundamental absorption band (centered near 4.25 

μm), using spectroscopic (SpeX/IRTF, 0.8 - 2.5 

μm) and photometric (IRAC/Spitzer, 3.1 – 9.0 μm) 

data, in order to characterize the distribution of 

CO2 over a wide wavelength range (example CO2 

spectrum shown in Figure 3). 

Satellite 
Semi-major 

Axis (km) 
Semi-major axis 
(Uranian Radii) 

Period 
(days) 

Radius 
(km) 

Density 
(g cm-3) 

Ariel 190,900 7.47 2.52 579 1.59 

Umbriel 266,000 10.41 4.14 585 1.46 
Titania 436,300 17.07 8.71 789 1.66 

Oberon 583,500 22.83 13.46 762 1.56 

Table 1: Summary of Uranian satellite Characteristics 

1. Gathered spectroscopic data  

on four different nights (Table 2). 
 

2. Observed several well known 

solar analogs (SA 112-1333, SA 

115-271, SA 93-101, and Hyades 

64) to ensure that our local 

standard stars are suitable for 

solar corrections.  
 

3. Used an IDL-based data 

reduction package (Spextool) to 

process spectral data [8] along 

with internal IDL-based data 

reduction programs. 

Observations and Data Reduction  

Figure 3: Synthetic spectrum displaying mix of H2O ice, amorphous 
carbon, and CO2 ice. Narrow CO2 ice combination and overtone bands 
visible at 1.434, 1.577, 1.609, 1.966, 2.012, and 2.070 μm .  

Table 2: Summary of Observational Parameters 

Satellite Date 
UT time  

(mid-expos) 
tint 

(min) 
Mean 

Air Mass S/N 
Umbriel 13-Aug-12 13:55 60 1.07 ~45 

  1-Nov-12 9:15 60 1.18 ~60 
Titania 21-Sep-12 11:05 30 1.06 ~110 

  12-Oct-12 10:15 60 1.09 ~60 
Oberon 13-Aug-12 15:25 24 1.19 ~50 

  21-Sep-12 10:30 44 1.23 ~85 
  12-Oct-12 8:30 80 1.10 ~60 
  1-Nov-12 7:15 68 1.11 ~100 

Figure 2: Longitudinal distribution of CO2 on Ariel, 
Umbriel, Titania, and Oberon. Source: Grundy et al. (2006).  

Red  arrows mark  the longitudes of our observations . 

Based on previous observations, we hypothesize that CO2 ice is produced by magnetic field 

interactions with the surfaces of the large Uranian satellites.  
 

To test this hypothesis, we are investigating both the longitudinal and orbital distribution of CO2 

ice on the large Uranian satellites. If this hypothesis is correct, then CO2 ice abundance should be 

greater on the trailing hemispheres of these satellites and decrease with increasing orbital radius. 

Hypothesis 

Data gathered using  SpeX (SXD mode, spectral resolution  Δλ ~0.0016), which   
is able to resolve CO2 combination and overtone bands (FWHM ~0.0045).   

Figure 4: (a) Umbriel spectra from 08/13/2012 (black) and 
11/01/2012 (red) offset by 0.2 units for clarity. (b) Titania spectra 
from 09/21/2012 (black) and 11/01/2012 (red) offset by 0.15 units 
for clarity.  (c) Oberon spectra from 08/13/2012 (black), 09/21/2012 
(red), 10/12/2012 (green), and 11/01/2012 (blue) offset by 0.15 
units for clarity. Gaps in spectra centered near 1.4 μm and 1.85 μm 
coincide with wavelength ranges with low atmospheric transmission.  

Discussion 
1. Results are consistent with previous spectroscopic studies     

of the large Uranian satellites [e.g., 1-3] that detected water ice 

mixed with a spectrally neutral component.  
 

2. Possible detection of CO2 ice on Umbriel (126 ° longitude) 

represents first detection of CO2 on its leading hemisphere. 
 

3. Lack of CO2 ice detection on Oberon supports the hypothesis 

that CO2 is generated via charged particle interactions with   

H2O ice and carbon-rich materials on the trailing sides of the 

closest Uranian satellites. 
 

4. Our observations are of northern latitudes and Grundy et al. 

(2003, 2006) observations are of southern latitudes (Table 3). 

• Spectra for Umbriel, Titania, and Oberon are shown in Figure 

4a-c, respectively.  
 

• Broad H2O ice bands centered near 1.55 and 2.05 μm are 

apparent in each of the spectra, as well as a crystalline H2O ice 

absorption band centered near 1.65 μm.  
 

• One of our included Umbriel spectra (shown in red in Figure 5) 

displays possible evidence of CO2 ice combination and overtone 

bands near ~1.96 and ~2.01 μm (blue arrows).  
 

• We do not detect strong evidence for CO2 ice combination or 

overtone bands in our Titania and Oberon spectra (Figure 4b 

and 4c, respectively).  
 

• Unidentified absorption feature near ~1.5 μm, (possibly due to 

CO2 ice?) is apparent in most of our spectra, and the Grundy et 

al. (2006) Umbriel spectrum shown in Figure 5 (green arrows). 

Results  
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Figure 5: Umbriel spectrum  reported in Grundy et al. (2006) from 09/18/2005 (black) 
and one of our Umbriel spectra from 11/01/2012 (red), offset by 0.05 units for clarity. 
Position of narrow CO2 ice features near  1.577, 1.966, 2.012, and 2.070 μm (blue 

arrows) and an unknown feature near 1.5 μm (green arrows)  are indicated on the plot. 

The four largest Uranian satellites (Table 1) are dominated by water ice and a dark, spectrally 

flat constituent that is possibly carbonaceous in origin [e.g. 1-3]. Other studies [4,5] have 

detected CO2 on Ariel, Umbriel, and Titania, but not Oberon (Figure 1). The detected CO2 ice 

appears to be concentrated on the trailing hemispheres of these satellites [5]. 

The detection of CO2 raises 

important questions 

regarding the origin and 

distribution of this volatile 

in the Uranian system. 

Sublimation, UV 

photolysis, and other 

Figure 1:  Spectra of Ariel, Umbriel, Titania, and 
Oberon normalized to J band. Source: Grundy et al., (2006) 

Introduction  
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1. Combine these spectral data  with longer wavelength 

photometric data (IRAC/Spitzer) of  the Uranian satellites. 
 

2. Conduct compositional modeling to constrain upper limits   

of CO2 ice abundance and characterize other species on the 

Uranian satellites, including the unknown feature near ~1.5 μm. 
 

3. Additional observations will provide a more detailed view of 

the distribution and abundance of CO2 ice in the Uranian system. 

Future Work 

Satellite Date Satellite Long (°) Satellite Lat (°) 
Umbriel 13-Aug-12 36.5 20.32 

  16-Jul-04 92.1 -11.1 
CO2 ice   31-Oct-12 125.88 17.5 

5-Jul-04 216.2 -10.9 
7-Jul-01 219.8 -23 

CO2 ice   18-Sep-05 261.3 -9.4 
  27-Jul-04 317.6 -11.4 

Titania 21-Sep-12 12.2 18.99 
  8-Oct-03 98 -18.1 
  12-Oct-12 159 18.17 
  15-Jul-04 213.9 -11.1 
  6-Jul-01 237 -23 
  7-Jul-01 277.8 -23 

CO2 ice   13-Oct-05 299.6 -10.2 
Oberon 12-Oct-12 64 18.05 

  13-Oct-05 110.6 -10.2 
  6-Jul-01 164 -23 
  8-Jul-01 216.2 -23.1 
  21-Sep-12 224 18.8 
  31-Oct-12 237.18 17.35 
  13-Aug-12 264.5 20.17 

Table 3: Summary of satellites longitudes and latitudes observed using 
SpeX. Observations in red made by this study, black by Grundy et al. (2006).  
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